JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. This article calls attention to the large amount of evidence indicating that simple visual reaction time (RT) has increased. To show that RT has increased, the RTs obtained by young adults in 14 studies published from 1941 on were compared with the RTs obtained by young adults in a study conducted by Galton in the late 1800s. With one exception, the newer studies obtained RTs longer than those obtained by Galton. The possibility that these differences in results are due to faulty timing instruments is considered but deemed unlikely. Of several possible causes for longer RTs, two are regarded as tenable: that RT has been increased by the buildup of neurotoxins in the environment and by the increasing numbers of people in less than robust health who have survived into adulthood. The importance of standardizing tests of RT in order to enable more refined analyses of secular trends in RT is emphasized.
The study of reaction time (RT) has a long history, dating back to the mid-19th century (Boring, 1950) . Over this period of time, a number of human attributes have markedly changed in either prevalence or magnitude. Examples include life expectancy (Riley, 2001) , height (Cole, 2000) , weight and obesity (World Health Organization, 2008) , myopia (Rose, Smith, Morgan, & Mitchell, 2001; Storfer, 1999) , running speed (Tomkinson, Léger, Olds, & Cazorla, 2003) , and IQ (Flynn, 1984 (Flynn, , 1987 . The primary purpose of this article is to call attention to the large amount of evidence indicating that simple visual RT has also changed markedly over time. A secondary purpose is to evaluate a number of possible explanations for the change in RT documented here.
To show that simple visual RT has changed over time, the RTs obtained in a study conducted by Francis Galton in the late 1800s will be compared with the RTs obtained in subsequent studies. The decision to use Galton's study to provide reference data for making historical comparisons was based on the fact that relative to the samples tested by his contemporaries, the sample tested by Galton was many times larger and far more diverse in terms of socioeconomic status. Additionally, Galton tested RT in both men and women, whereas in the RT studies conducted by his data reported by Johnson et al. are used here, as they include both sexes. Also, even though the RTs obtained by Galton cover a wide age range, only the data for young adults are considered here, because the literature search for newer studies yielded far more data for young adults than for any other age group.
It appears that Galton tested RT in each modality on a single trial. If so, there is reason to doubt whether RT was measured reliably. Johnson et al. (1985) cited an unpublished paper (Macey, Plomin, & McClearn, 1979 ) that reported the test-retest reliabilities for a sample of 50 people who were retested within 1 month on the battery of tests assembled by Galton. Johnson et al. presented no exact reliabilities, but they stated, "In general, the reliabilities were quite high" (p. 878). Beyond these unpublished results, there are two reasons for believing that RT was measured reliably in Galton's study. One is that the visual and auditory RTs obtained by Galton were significantly correlated. As computed by Johnson et al., the correlations were .50 and .54 for men and women, respectively, at ages 26 and older. In a later study by Forbes (1945) , the RT to light and to sound was tested on a large (though varying) number of trials in men ages 17 to 53. The correlation between the RTs for the two modalities was .43. Interestingly, despite Forbes having tested RT on far more trials than did Galton, the preceding correlation is significantly smaller than the correlation for men in Galton's study, z = 13.93, p < .001. Another reason for believing that RT was measured reliably in Galton's study is that RT was correlated in siblings. As computed by Johnson et al., the correlations between the visual RTs for several sibling pairings ranged from .30 (for first son and second son) to .45 (for first son and first daughter). These sibling correlations compare favorably with the sibling correlations on several physical attributes. For example, the correlations between the weights of siblings for the two sibling pairings just mentioned were .35 and .19, respectively. (The sibling correlations in all cases were corrected for age.) Table 1 presents the mean RTs for Galton's sample of men and women from ages 18 to 30 as reported by Johnson et al. (1985) . No standard deviations are given in this table because none were provided by Johnson et al. (Koga & Morant reported a standard deviation of 40.03 ms for men, but it was for the entire age range tested by Galton, 5.5 to 81.5 years). The total Ns were 2,522 and 302 for the men and women, respectively. Given that the RTs varied over a narrow range for the two genders (8 ms for men and 9 ms for women), the median RTs, 183.0 ms for men and 187.0 for women, were used in the comparisons to be described. (Alternatively, for comparative purposes, the weighted means for each sex could have been used, but these were identical to the median RTs.)
The comparison studies
This article builds on a meta-analysis by Silverman (2006) in which sex differences in simple visual RT were examined. However, whereas Silverman included in the meta-analysis only studies in which both sexes were represented, the present review included studies in which one or both sexes were represented. To locate studies for this article, a search was conducted of the PsycINFO and Medline databases using as key words reaction time, simple reaction time, neuropsychological assessment, and neurobehavioral assessment. Also searched were two reviews of the RT literature (Teichner, 1954; Woodworth & Schlosberg, 1954 ) and the reference lists of the retrieved studies. The following criteria were used in selecting studies for inclusion in the present review. First, the sample consisted of people recruited from the general population and whose ages ranged from about 18 to 30 years. Second, the study sample had not been exposed to high levels of neurotoxins, substances known to increase RT. Third, given that Galton's sample was British, the study was conducted in a Western country. Fourth, the study sample had to be 20 or larger in size for each gender. Fifth, the delivery of the stimulus was not predictable, which ruled out studies in which the interval between stimuli was fixed or increased or decreased according to a regular pattern. Sixth, the response to the stimulus was manual in nature, such as pressing or releasing a button or key. Seventh, to effect the response, the arm did not have to be moved. (This restriction was based on the consideration that if the arm must be moved, RT is necessarily lengthened.) Eighth, the RT measure was representative of the total set of RTs. This restriction eliminated studies in which RT was measured in terms of the best RT or the longest or shortest RT.
No restriction was placed on studies with respect to whether a warning signal preceded the stimulus. Teichner (1954) stated that Wundt found that a warning signal decreased RT, but no independent corroboration could be found for this result, at least not when the stimulus followed the warning signal at varying and unpredictable intervals. Indeed, contrary to Teichner, data reported by Seashore, Starmann, Kendall, and Helmick (1941) show that RT did not differ as a function of whether a warning signal preceded the stimulus, t(46) = .45, ns. Table 2 lists the studies in which the data were presented separately for men and women or in which only one sex was represented. The table reports for each study the country in which the study was conducted, the age and number of participants, the mean and standard deviation for the RT measure, and the 95% confidence interval for the mean RT. The notes to the table report the source of participants, number of practice and test trials, and special treatment (if any) of the data. It should be noted that Lefcourt and Siegel (1970) did not report standard deviations for their data. The pooled standard deviation for this study was estimated from an analysis of variance table in the study report using a formula given by Lipsey and Wilson (2001) .
Two other studies were retrieved in which RT data were presented for the two genders combined. One study was conducted by Wilkinson and Allison (1989) , who measured simple visual RT in a sample of visitors to a science museum located in London, England. There were 10 trials, but the first 2 were treated as practice. RTs were not retained for some unspecified number of participants because they had five or more RTs greater than 1,000 ms or because they had one or more RTs greater than 2,500 ms. For each of the remaining participants, any RT less than 120 ms was considered to be an outlier and was deleted from the participant's RT distribution. A total of 1,l89 people were tested at ages 20-29. In the other study (Krieg et al., 2001) , which was conducted from 1988 to 1994, the participants were a nationally representative sample of adults living in the United States. The test of simple visual RT consisted of 50 trials, but the first 10 trials were treated as practice.
Also not included in the data analysis were RTs less than 50 ms or greater than 750 ms. A total of 1,526 people were tested at ages 20-29.
Results Table 2 presents the means and standard deviations for the comparison studies in which participants were of one sex or in which participants were of both sexes and the results were presented separately for each sex. The total N is 3,836 for men and 3,093 for women. Overall, the mean RT was 250.43 ms (SD = 46.53) for men and 277.71 ms (SD = 30.76) for women. However, as seen in the table, in both sexes the mean RT varied widely across studies, ranging from 183 to 324 ms for men and 224 to 318 ms for women.
Recall that in Galton's study the median RTs obtained by men and women between ages 18 and 30 Note. CI = confidence interval; NR = not reported.
were 183.0 and 187.0 ms, respectively. Consider now the 95% confidence intervals for the mean RTs given for the comparison studies in Table 2 . Note that for men there is only one study in which this interval included 183.0 ms, and for women there is no study in which this interval included 187.0 ms. Moreover, with the exception noted, the RTs obtained in the comparison studies were all longer than the RTs obtained by Galton.
Consider next the two studies in which the data were not reported separately by sex. In the study by Wilkinson and Allison (1989) , the mean RT was about 245 ms (as estimated from a graph) at ages 20-29. No standard deviation is reported by Wilkinson and Allison, making it impossible to compute a 95% confidence interval for their mean RT. But undoubtedly it would not have included the median RT for men or women in Galton's study. In the study by Krieg et al. (2001) , the mean RT was 230.70 ms (SD = 44.75). The 95% confidence interval for the mean ranged from 228 to 233 ms, which does not include the median RT for either men or women at ages 18-30 in Galton's study. Thus, both Wilkinson and Allison's and Krieg et al.'s data also indicate that RT has increased over time.
As noted earlier, Galton's sample was diverse in terms of socioeconomic status. Johnson et al. (1985) , divided the men tested into seven occupational groups and the women tested into six occupational groups. Then they subdivided each of these groups into two age levels, 14-26 and 26+. For men the RTs for each of these occupational and age groups ranged from 173 to 195 ms, and for women they ranged from 164 to 213 ms. Because the longest RT for women was based on only three participants, it cannot be regarded as representative, but because the next longest RT, 207 ms, was based on 41 participants, it is probably representative. Inspection of Table 2 shows that there is only one comparison study (Taimela et al., 1991) in which the mean RT for men fell within the range of the RTs obtained by the men in Galton's study and no comparison study in which the mean RT for women fell within the range of RTs obtained by the women in Galton's study. Thus, the differences in results obtained by Galton and those obtained in the comparison studies cannot be readily explained by differences in the socioeconomic backgrounds of the participants.
A final question addressed is whether for the comparison studies the RTs for any specific socioeconomic group deviated from the general finding that RT has increased over the past 100 or so years. Only one of the comparison studies reported results separately for different income or education levels. In this study by Krieg et al. (2001) , RT in both sexes combined decreased as education and income increased. However, the shortest RT by education was 225.23 ms (at grade 13+ of education) and the shortest RT by income was 224.31 ms (at ≥$50,000 of income), and both of these RTs are significantly (ps < .001) longer than the median RTs for Galton's sample of men and women at ages 18-30. Unfortunately, Krieg et al. did not break the data down further so that it can be determined how RT varied as a function of education and income within each sex at different age levels. Nonetheless, it appears that the conclusion that RT has increased over the past 100 or so years does not have to be qualified with regard to socioeconomic status, although the rate of change could have differed as a function of socioeconomic status.
Discussion
The present review provides strong evidence that RT has increased in both sexes since Galton conducted his landmark study in the late 1800s. Furthermore, the present review indicates that the increase in RT has occurred across the entire socioeconomic spectrum and in at least four out of five Western countries.
Two questions cannot be answered with the present dataset: When did the increase in RT begin, and at what rate did it increase over time? As to the first question, all that can be said is that RT began increasing before the 1940s, but how much earlier than this decade cannot be said because the present dataset contains no studies that were published between 1894 and 1941. As to the second question, a definite answer cannot be given because the present studies differ with respect to several variables that could affect RT: composition of the samples, testing procedure, and handling of data. In principle, it would be possible to uncover the rate at which RT increased by controlling for potentially confounding variables in a multiple regression analysis. However, this requires that each of these variables be represented by multiple data points, but this requirement cannot be met by the present dataset. Accurately describing change over time also requires that both ends of the temporal dimension be well represented in the dataset and that the dataset be free of outliers (Cohen, Cohen, West, & Aiken, 2003) ; neither of these requirements can be met in the present dataset. Thus, it is important to reiterate that the purpose of this review is not to show that RT has changed according to a specific function over time but rather to show that modern studies have obtained RTs that are far longer than those obtained by Galton.
The present data indicate that although RT has increased in both sexes, it has increased more in women than men. Whereas in Galton's study the RTs for women were on average only 4 ms longer than those for men, in the six comparison studies in which both men and women were tested, the RTs for women were on average more than 17 ms longer than those for men. This widening of the sex difference over time should be viewed with caution, however, because the women in Galton's study may have been somewhat atypical. Suggesting this possibility is the fact that there were 2.9 times as many men as women in Galton's sample of young adults. This could have come about if many more men than women visited the South Kensington Museum. This is highly doubtful because at ages 11-17 there were 3.8 times as many boys as girls in Galton's sample, and it seems improbable that parents were far more likely to bring their sons than daughters to the museum. A more reasonable explanation for the sharp imbalance in the numbers of males and females in Galton's sample is that at that time females were more reluctant to be tested than were males. (After all, Galton conducted his study during the Victorian era, when the feminine ideal was to be weak, helpless, and demure). If this is correct, then it could be that in Galton's sample of females there was an overrepresentation of females with above-average physical and sensory abilities. As will be seen, the males in Galton's sample obtained RTs similar to those obtained by the participants in other early RT studies, most of whom were male. This suggests that, in contrast to the females, the males were typical of males at that time.
The issue of instrumentation
The conclusion that RT has changed over time would be rendered moot if the apparatus Galton used to measure RT was defective. More specifically, it might be argued that there was a lag between the release of the pendulum and the presentation of the stimulus, thus resulting in RTs that were too short by some constant duration. Perhaps the strongest counterargument to this objection is that the RTs reported by other early RT researchers are quite comparable to those obtained in Galton's study. This is seen in an early review of the RT literature by Ladd and Woodworth (1911) covering eight studies (not including Galton's). These RTs, which are given by Robinson (1934) , ranged from 151 ms to 200 ms, with the median RT being 192 ms. Note that the RTs obtained by Galton fall within the range of RTs obtained in these early RT studies. None of these early researchers measured RT using an apparatus identical to the one used by Galton, and in fact some of them used the Hipp chronoscope to measure RT, a timing instrument based not on the pendulum but on a clockwork mechanism (Woodworth & Schlosberg, 1954) . So it is highly unlikely that the RTs obtained by Galton are simply artifacts of the apparatus used to measure RT.
Why has simple visual RT increased?
There are at least four explanations for the increase in RT documented here. The first explanation is that as people have grown taller over the past 150 years (Cole, 2000) , RT has increased because the nerve impulse has to travel farther as the body lengthens. However, contrary to this explanation, Galton's data (see Johnson et al., 1985) show that taller adults had slightly shorter RTs than did smaller adults. His data also show that adults with longer arm spans and longer left arms also tended to have slightly shorter RTs than did adults with shorter arm spans and shorter left arms. Additional evidence indicating that the increase in RT cannot be accounted for by increases in body size comes from two contemporary studies. One study, with Australian adults, found height to be unrelated to RT when age, gender, and education were controlled (Anstey, Dear, Christensen, & Jorm, 2005) , and the other study, with American adults, found no relationship between RT and height (Kilburn, Thornton, & Hanscom, 1998) . Although Taimela (1991) found in a Finnish sample that height was significantly associated with RT, height accounted for far less than 1% of the variance in RT.
The second explanation is that RT has increased because the sedentary lifestyle has become more com-mon in Western countries. That is, the increase in RT reflects the fact that people have become more sluggish. Contradicting this explanation, Emery, Huppert, and Schein (1995) found in an adult British sample that the amount of walking people did was unrelated to their RT, and Jorm, Anstey, Christensen, and Rodgers (2004) found in an Australian sample that at three age levels (20-24, 40-44, and 60-64) activity level was unrelated to RT.
The third explanation is that RT has been increased by the buildup of neurotoxins in the environment. A great deal of research shows that RT is longer in people who have been exposed to heavy concentrations of neurotoxic substances, such as lead (e.g., Barth et al., 2002; Schwartz et al., 2001 ), chlordane (Kilburn & Thornton, 1995) , and trichloroethylene and mercury (Liang, Sun, Sun, Chen & Li, 1993) . We do not know whether RT is increased by low levels of neurotoxins, but we do know that exposure to neurotoxins in the everyday environment is widespread. Consider that a recent review listed 201 chemicals known to have neurological effects in humans and that most of them are in common use (Grandjean & Landrigan, 2006) . Consider also that in the United States alone, for 2007 approximately 22,000 facilities reported 4.1 billion pounds of onsite and off-site disposal or releases of nearly 650 toxic chemicals (U.S. Environmental Protection Agency, 2007).
Although it is a plausible hypothesis that environmental neurotoxins have increased RT, it is difficult to make an exact prediction as to their effects over time. To do so would entail knowing for different study samples what neurotoxins they had been exposed to and at what concentrations and for what durations or having a comprehensive set of measurements of the levels of neurotoxins in the bodies of the study samples. Because we do not have this information for any of the comparison studies, this is yet another reason for not regressing RT on the year in which the study was conducted.
Another point to consider is that we should not assume that over the past century or so there have been only increases in exposure to environmental neurotoxins. Lead is a case in point. Until recent decades, exposure to lead was extensive, with the major sources of exposure coming from the lead that was added to gasoline and interior residential paint. Today the situation is much changed because the use of lead has come under tight government regulation in many countries. In the United States, for example, federal agencies, beginning in the 1970s, mandated reductions in the use of lead in gasoline and paint intended for residential use, and as environmental exposure to lead has been lowered, sharp declines have occurred in the mean blood lead levels of children living in the United States (Bellinger & Bellinger, 2006) .
A final possible explanation for the increase in RT over time is based on the idea that the adult population has changed over time, in some ways for the worse. This explanation is based on two premises. One is that as the rates of infant and child death declined over the past 200 years (Riley, 2001 ), more people survived into adulthood who were in less than robust health. The other premise is based on research showing that people in less than robust health have longer RTs (Emery et al., 1995) and that life expectancy is inversely related to the length of RT (Deary & Der, 2005b; Shipley, Der, Taylor, & Deary, 2006) . Thus, this explanation is that RT has increased over time because across birth cohorts there were increasing proportions of adults who were in less than robust health.
This explanation may seem counterintuitive because it is reasonable to believe that the health of the adult population has generally improved as the life span has increased over the past 200 years. However, longevity and robust health are not the same. This difference is illustrated by diabetes. Although advances in modern medicine have enabled many diabetics to remain alive and active, it is also the case that diabetics are at risk for poor circulation, vision loss, poor kidney functioning, infection, and nerve disorders (Professional Guide to Diseases, 2005) . That diabetes also increases RT was shown in two recent studies (Anstey, Dear, Christensen, & Jorm, 2005; Pavlik, Hyman, & Doody, 2005) . Not incidentally, the proportion of people ages 18-79 with diagnosed diabetes increased more than 100% between 1980 and 2007 in the United States (Centers for Disease and Control and Prevention, 2009) .
Future research
It is not possible to say when RT began to increase and at what rate it changed. Nor is it possible to say what caused the increase in RT. However, two plausible causes for the increase in RT were proposed: increased levels of environmental neurotoxins and declines in infant and child mortality rates. Both of these possibilities can be subjected to empirical test. With regard to the first possibility, it seems likely that as awareness about the deleterious effects of exposure to environmental neurotoxins increases, government controls over the production and use of these substances will become more stringent. If so, we should find a decrease in RT across birth cohorts as more and more such controls are put into place. With regard to the second possibility, RT should increase across birth cohorts in countries in which the infant and child mortality rates decrease. Of course, declines in exposure to environmental neurotoxins and declines in infant and child death rates are likely to go hand and hand, making it difficult to determine whether one or both of these secular changes are responsible for changes in RT over birth cohorts. However, it is possible that some countries will experience declines in infant and child death rates due to improvements in public health but at the same time experience increases in exposure to environmental neurotoxins due to increased use of neurotoxins in agriculture or manufacturing. These countries will be perfect laboratories in which to unravel the effects of the proposed causes for the increase in RT documented here.
As noted by an anonymous reviewer, a possible wildcard in making predictions for changes in RT across birth cohorts is that playing action video games has become widespread, and this might affect simple RT across birth cohorts. This may be less of a problem than what appears at first sight, because although action video games emphasize fast responding, they also require decision making and are therefore closer in format to choice RT tasks and go/no-go RT tasks than to simple RT tasks. On this point, the results obtained by Kida, Oda, and Matsumura (2005) are instructive. These investigators found that in high school and college-age males, the amount of experience playing baseball was positively correlated with speed of response on a go/no-go task but was unrelated to speed of response on a simple visual RT task. In baseball, players must learn to swing the bat at balls only in the strike zone. Thus, even though the bat must be swung quickly at the rapidly moving ball, the player must first decide whether to swing at the ball. Likewise, in many action video games the player must make super-quick decisions as to what actions to take, for example, to navigate an obstaclefilled course. So playing action video games also may not benefit simple RT.
Two recommendations for future research also emerge from the present study. One recommendation is to standardize the testing procedure for RT with respect to size, intensity, and duration of the stimulus and the number and pacing of the test trials. Although experimental psychologists have not shown much interest in standardizing their tests, there is reason to believe that in coming decades, we will be in a better position to make comparisons across studies of RT. The reason for hope in this regard is that RT tests have been incorporated into standardized neurobehavioral assessment batteries (e.g., Anger et al., 1993) , batteries that are being used increasingly to assess, among other things, the effects of neurotoxins on human functioning.
A second recommendation is that extreme RTs must be handled in a uniform way. As seen in Table  2 , whereas some investigators have chosen to ignore extreme RTs, other investigators have elected to delete them from the RT distribution. If RT distributions were symmetrical, removal of equal numbers of the longest and shortest RTs from the distribution would have no effect on the overall mean RT. But how do RTs distribute themselves? None of the comparison studies provide any information on this question. Gamberale, Iregren, and Kjellberg (1990) presented a frequency distribution of simple visual RTs obtained in a sample composed of 424 industrial workers; each worker was presented 160 test trials, for a total of 67,840 RTs. The frequency distribution is normal except for a slight positive skewing that probably reflects lapses in attention. If this frequency distribution is representative of other distributions for simple visual RT, retention of these very slow responses probably would have only a very small effect on the overall mean. An alternative approach for dealing with very long RTs is to use statistical models so as to screen out the RTs that presumably reflect inattention (Ratcliff, 1993; Heathcote, 1996) . Yet another approach for dealing with the problem of very long RTs is to minimize their occurrence by using only a small number of test trials. This should not only decrease the frequency of very long RTs due to inattention but also should provide more accurate as-sessments of participants' optimal RT performance. The latter inference is based on the results of two studies (Gamberale et al., 1990; Olson, Gamberale, & Iregren, 1985) , which show that RT increased across test trials within each of two test sessions.
Closing remarks
Two points should be made in closing. The first is that the present review suggests that performance has slowed over time for other psychomotor tasks as well. To test this expectation, the literature was searched for reviews in which performance on one or more psychomotor tasks was examined across birth cohorts. This search came up empty-handed. Whether the absence of such reviews reflects a paucity of relevant studies or the failure of psychologists to take an interest in secular trends for psychomotor performance is unclear. Whatever the reason, it is hoped that the present review will bring attention to the study of birth cohort changes in psychomotor abilities and other basic psychological functions.
The second point is that the study of birth cohort changes requires that psychologists take a very long time perspective in conducting their research. Although there has been a great deal of longitudinal research, this requires only the commitment to study people over decades. In contrast, to study secular changes requires the commitment to study people over generations. Clearly, research on birth cohort changes in human psychological functions will not be done unless institutions sponsor and nurture such undertakings. But as natural history museums have devoted large sums of money to the study the evolutionary history of humans, it would seem that these institutions (and perhaps others) should be interested in charting changes in human psychological functions over future generations.
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1. These results raise the question of whether the RTs obtained in the comparison studies were longer than those obtained by Galton because, owing to a decrease in attention, there was a decline in performance over test trials in the comparison studies. That the number of test trials used in the comparison studies can explain the increase in RT is dubious because Gamberale et al. (1990) state that RT was on average 17 ms longer in the fifth than the first minute of testing. If performance declined gradually across test trials, as is likely, smaller differences in RT would have been reported between the fourth, third, and second minute of testing than the first minute of testing. It also should be noted that Gamberale et al. presented a total of 80 test trials per session, which exceeds the number of test trials in most comparison studies. Thus, although with fewer test trials the RTs in some of the comparison studies might have been shorter, it is likely that the decrease in RT would have probably been no more than 10 ms on average.
